Background: Emerging published studies have indicated that adiponectin is involved in tumorigenesis of breast cancer. However, the results of available studies were inconsistent. The aim of this updated meta-analysis was to assess the association of adiponectin with breast cancer.
Introduction
Breast cancer, the most commonly diagnosed malignancy, is one of the dominating cause of cancer-related mortality among women worldwide. [1] As a result of enhanced lifespan, widely available screening techniques as well as higher prevalence of well-established risk factors, breast cancer incidence rates have been rising dramatically in recent years. [2] [3] [4] Many risk factors have been identified to contribute to the development of breast cancer, among which obesity was proved to be associated with breast cancer in postmenopausal population and shortened survival based on numerous strong evidence. [5] [6] [7] [8] [9] Recently, accumulating evidence has suggested that adipokines function as potential mediators linking obesity and breast cancer, [5, 9] whereas underlying mechanisms have not been well elucidated.
Adiponectin, an insulin-sensitizing adipokine, which is secreted by adipocytes, along with other adipokines, maintain the metabolic homeostasis. In contrast to most adipokines, such as leptin and TNF-a (tumor necrosis factor-a), increased serum adiponectin levels were demonstrated to function as a protective factor with anti-vascular, anti-inflammation, antidiabetic, and insulin-sensitizing effects. [10] Moreover, several epidemiologic studies have demonstrated a significant inverse association of serum adiponectin with breast cancer risk. [11] [12] [13] [14] Among these studies, Miyoshi et al found phenotype of patients with low serum adiponectin levels tended to be biologically aggressive [12] and Mantzoros et al found no statistically significant association in premenopausal women. [13] Furthermore, few studies have reported that increased adiponectin level was negatively correlated with lymph node metastasis and recurrence in patients already diagnosed with breast cancer. [15, 16] However, controversial results obtained in individual studies were insufficient to detect the exact effect of the adiponectin levels on breast cancer. Up to now, the association between adiponectin and breast cancer risk have already been investigated in several previously published meta-analyses with relatively small samples included. [17] [18] [19] Besides, adiponectin was the research hotspot in the breast cancer field, and relevant studies were continuously published. Henceforth, we performed an updated meta-analysis to further evaluate the association of the serum adiponectin levels with breast cancer.
Materials and methods

Literature search
PubMed, EMBASE, Wanfang databases, and CNKI were systematically searched to identify relevant studies involving the role of adiponectin in breast cancer up to June 2018. The key search terms were as follows: ("breast neoplasms" or "breast neoplasm" or "breast tumors" or "breast tumor" or "breast cancer" or "breast carcinoma" or "Human Mammary" or "human mammary neoplasms" or "human mammary carcinoma" or " Mammary Neoplasm, Human") and ("adiponectin"). The meta-analysis was limited to studies published in English or Chinese. Further, we also reviewed the reference lists of the obtained articles to identify more eligible studies. All analyses were based on previous published studies, thus no ethical approval and patient consent are required in this study.
Study selection
The inclusive criteria comprised of the following details:
(1) a case-control design; (2) investigating the association between serum adiponectin levels and breast cancer; (3) the data provided in the study should be available for calculating mean difference (MD) with 95% confidence interval (CI); (4) the study subjects are human.
The exclusion criteria were as follows:
(1) duplicative or overlapping publications as well as review; (2) no control cohort; and (3) study with incomplete data.
Quality score assessment
The quality of each eligible case-control study involving the role of serum adiponectin levels in breast cancer was evaluated on the basis of the Newcastle-Ottawa Scale (NOS). The quality was assessed by three aspects, including the selection, comparability, and the ascertainment of the exposure in each case-control study. The total scores ranged 0-9. A study with scores of more than 7 points was regarded as a high-quality study.
Data extraction
To avoid errors in the pooled analysis, two independent investigators (Zeping Yu and Shenli Tang) collected the information of each included study. To resolve any disagreements, a third investigator (Hongbing Ma) would assess the studies. The information was collected as: first author, publication date, country, ethnicity, age, sample size, pathological classification, cancer stage, assay methods, and serum adiponectin levels. Discrepancies were resolved by consensus.
Statistical method
All data analysis was performed with Review Manager (version 5.3). All of the data were calculated as MD with 95%CI to evaluate the effectiveness of the association between adiponectin and breast cancer. Heterogeneity was examined by Chi-squaredbased Q-test and I 2 statistics. The pooled effect size (MD and OR) was computed by the fixed-effects model (FEM) if no or low heterogeneity existed (I 2 > 50% and P < .10). Otherwise, the random-effects model (REM) is used. The data collected was stratified on the basis of ethnicity (Asian and Caucasian), menopausal status (premenopausal or postmenopausal), study quality (high quality and low quality), and assay methods (enzyme-linked immunosorbent assay (ELISA) and radio-immunity assay (RIA)) and were then employed in subgroup analyses to investigate the potential source of heterogeneity. Furthermore, sensitivity analyses were also performed by omitting individual studies in sequence to evaluate the stability of the results. Potential publication bias was tested by Begg's and Egger's tests. [20, 21] Visual inspection of asymmetry in funnel plots was carried out to further detect publication bias.
Results
Description of the studies
Study search and selection process were summarized as a flow diagram in Figure 1 . We identified 502 articles according to the previously described search strategy. Four hundred studies were excluded because they were duplicated studies, and 64 items were excluded due to reviews, conference abstracts, or no relevance, leaving 38 articles. After further, full-view screening, 11 articles were excluded with reasons. Four articles were eliminated because they focused on the association between breast cancer and tissue adiponectin expression levels. [22] [23] [24] [25] Another four studies were not qualified for the reasons as follows: Al-Delaimy et al [26] designed their study using breast cancer recurrence among breast cancer patients as endpoint; Lee et al [27] designed breast cancer mortality as endpoint; and the studies reported by George et al [28] and Beg et al [29] were not case-control design. Two articles were excluded for the reason that the serum adiponectin levels cannot be calculated due to lacking of essential information. [30, 31] Sonmez et al investigated the adiponectin from multi-source on the same patient, which was excluded. [32] Overall, 27 eligible articles were included in the current metaanalysis. [8, [12] [13] [14] [15] [16] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] All articles included were published in English. Among the studies, twelve articles were conducted in Asians [8, 12, 14, 16, [33] [34] [35] 42, 44, 46, 50, 53] while twelve studies were conducted in Caucasians, [13, 15, [37] [38] [39] [40] 43, 45, 48, 51, 52, 54] and the remainder studies were composed of multi-ethnicity participants. [41, 47, 52] The characteristics of the included studies were summarized in Table 1 and Table 2 . 
Overall meta-analysis
A total of 27 eligible case-control studies (7176 cases and 8318 controls) were included in the meta-analysis on the association between serum adiponectin concentrations and breast cancer. As showed in Table 3 , the overall meta-analysis results of the random-effect model suggested that patients diagnosed with breast cancer had lower adiponectin values compared with control group (MD = À0.29, 95%CI = (À0.38, À0.21), P < .001) (Fig. 2 ). However, a significant heterogeneity among studies was observed (I 2 = 97%). Whence we conducted subgroup analyses of different specific effects to investigate the source of heterogeneity.
Subgroup meta-analysis
A subgroup analysis of ethnicity was firstly carried out (Caucasian or Asian), and we found higher serum adiponectin concentrations of Asian in the control group with significant difference while no statistical significance was observed in Caucasian (MD = À2.19, 95%CI = (À3.45, À0.94), P < .001; MD = À0.65, 95%CI = (À1.47, 0.17), P = 0.12, respectively) (Fig. 3 ). The overall studies were then stratified by menopausal status to perform subgroup analysis, which showed higher adiponectin values in healthy control groups in both menopausal statuses (premenopausal status: MD = À0.74, 95%CI = (À1.31, À0.17), P = .01; postmenopausal status: MD = À1.62, 95%CI = (À3.194, À0.04), P = .04) (Fig. 4) . A further subgroup analysis was performed to investigate the results in Asian by menopausal status which showed higher concentrations of adiponectin in healthy control group regardless of whether they were premenopausal (MD = À0.85, 95%CI = (À1.50, À0.19), P = .01) or postmenopausal (MD = À2.17, 95%CI = (À4.17, À0.18), P = .03) (Fig. 5) . In contrast, the further stratification by menopausal status in Caucasian subgroup showed no statistical results (premenopausal: MD = À0.20, 95%CI = (À1.83, 1.42), P = .80; postmenopausal: MD = À0.43, 95%CI = (À2.03, 1.17), P = .60) (Fig. 6) .
Study quality was then characterized for subgroup analysis, and we found that adiponectin values in healthy control group were higher than patients with breast cancer both in high-quality studies (NOS score ≥7, 6086 cases and 7591 controls) (MD = À 1.45, 95%CI = (À2.63, À0.28), P = .02) and in low-quality studies (NOS score <7, 970 cases and 693 controls) (MD = À 1.06, 95%CI = (À1.49, À0.63), P < .001) (Fig. 7) . The subgroup analysis of detection method (ELISA or RIA) showed that statistical significances were observed both in ELISA group (MD = À0.64, 95%CI = (À1.03, À0.25), P = .001), and RIA group (MD = À1.94, 95%CI = (À3.77, À0.11), P = 0.04) (Fig. 8) .
The meta-analysis results of overall studies stratified were presented in Table 3 .
Serum adiponectin levels in breast cancer patients
A total of two studies reported calculable data to obtain serum adiponectin levels in breast cancer patients. For the meta- Table 2 The serum adiponectin levels of studies included in the meta-analysis. Yu et al. Medicine (2019) 98: 6 Medicine analysis, the random effect model was applied due to high heterogeneity (I 2 = 97%). The results indicated no significant association between serum adiponectin levels and lymph node metastasis in breast cancer patients (MD = À1.56, 95%CI = (À4.90, 1.78), P = 0.36) (Fig. 9) .
Sensitivity analysis
Further, we performed a sensitivity analysis by excluding studies in sequence and evaluating the pooled results to investigate the influence of the corresponding study. The variations regarding heterogeneity and direction of the effect were too minor among Table 3 The pooled results of the serum adiponectin levels in breast cancer patients compared with healthy controls. residual studies to change our results, which, therefore, indicated that the results of our meta-analysis were stable and robust. Publication bias in this meta-analysis was evaluated by using Begg's funnel plot and Egger's regression intercept tests. The results of Begg's (P = 0.106) and Egger's tests (P = 0.069) indicated that no publication bias was found in this metaanalysis (Fig. 10 ).
MD
Discussion
Breast cancer is the most prevalent malignancy in women globally, whose prevalence tends to be younger, with the incidence sharply rising in multiple countries. [1, 3, 4, 55] Obesity, a well-established risk factor associated with breast cancer, indicates final-stage cancer with poor prognosis, especially in postmenopausal population. [39, 56, 57] Moreover, emerging studies revealed that obese patients diagnosed with breast cancer tended to present a worse prognosis and also suffer an increased risk of cancer progression and recurrence regardless of menopausal status. [58, 59] Therefore, adipocytokines were studied to identify as potential biomarkers for possible preventive screening capable of early diagnosis. Many studies have indicated that adiponectin may serve as a protective effect on breast cancer progression. Adiponectin, a polypeptide secreted exclusively by adipose tissue, [36] has been proven as the most abundant adipose tissue sourced protein possessing insulin-sensitizing, anti-inflammatory, and antiatherogenic properties. [10] Further investigations have also revealed three configurations of adiponectin with diverse (2019) 98:6 www.md-journal.com functions. [60] However, different forms of circulating adiponectin levels might play different roles in breast cancer risk, among which increased circulating high molecular weight (HMW) adiponectin level was reported as a risk factor in females with breast cancer family history. [42] However, the underlying mechanisms all remained unclear. Hence, we undertook a meta-analysis to investigate the association between the concentrations of adiponectin and breast cancer.
Our meta-analysis including 27 primary case-control studies (7176 cases and 8318 controls) was to investigate the association between serum adiponectin values and breast cancer. The overall results suggested that the serum adiponectin values were statistically higher in healthy control groups compared with breast cancer patients. However, we observed a noticeable level of heterogeneity across the studies included in the current metaanalysis (I 2 = 97%). The overall result may be affected by multiple factors. Hence we identified several factors which may contribute to this significant heterogeneity:
(1) the discrepancies of demographic characteristics and inheritance backgrounds in Asian and Caucasian populations; (2) different menopausal status of individuals in the included studies lead to various proportions of postmenopausal women; (3) different assay methods used in individual study; (4) included studies were of diverse quality; (5) the cases diagnosed with breast cancer were at different tumor stages in each study.
In order to investigate the source of heterogeneity, firstly we performed a sensitivity analysis by omitting each study in sequence to investigate the underlying causes. The results showed a minor variation in the test effect, and the excluded studies did not affect the statistical result, indicating the stability of our metaanalysis. Therefore, we identified several characteristics such as ethnicity, menopausal status, study quality, assay methods, ethnicity, and metastasis status to carry out subgroup metaanalysis.
An inverse association between serum adiponectin values and breast cancer was observed in Asian subgroup. However, no statistical result was found in Caucasian subgroup. In these findings, we intended to investigate the effect of ethnicities on adiponectin values variations between breast cancer patients and healthy individuals. Therefore, a further subgroup analysis was then performed to investigate the ethnicity results by menopausal status. Interestingly, similar results were obtained in both menopausal statuses of Asian group, showing higher adiponectin values in healthy controls, which were more significant in postmenopausal group. Coincidentally, no statistical significance was observed in Caucasian subgroup regardless of menopausal Figure 7 . Forest plots of serum adiponectin levels and breast cancer risk in random-effects model for subgroup analysis by quality scores (high quality and low quality).
Yu et al. Medicine (2019) 98: 6 Medicine status. We continued to perform the subgroup analysis stratified by menopausal status and an inverse association between serum adiponectin and breast cancer was found whether in premenopausal group or postmenopausal group. Only two previously published meta-analysis, which analyzed the association between serum adiponectin levels and breast cancer risk across ethnicities, showed no significant difference. [17, 18] However, it was inconsistent with our results showing a significant inverse association in Asian group. Unfortunately, they did not perform a further stratification analysis by ethnicity in their menopausal subgroup to identify the possible impacts that ethnics may possess. The possible reasons contributing to this finding may be as follows. The sample of Asian group (cases and controls: 4503) is relatively minor compared with Caucasian (cases and controls: 8050) in the overall population. The larger group in Caucasian may be confronted with more confounding factors because the direction of association in Caucasian group is the same as Asian group, though insignificant. In another aspect, the dietary habits, life backgrounds, and the obesity populations between the two groups differ substantially. Circulating adiponectin levels have been identified to be inversely correlated with obesity and type 2 diabetes mellitus. [61] Serum adiponectin level increased in obesity population and generally associates negatively with visceral (intra-abdominal) fat, which is independent from menopausal status. [62] [63] [64] Since high-calorie diets prevail among European and American areas, which is distinguished from Asian areas, our results may also be partly explained. Our findings could possibly be a potential direction for the current research on breast cancer risk.
The impact of menopausal status on the association between adiponectin levels and breast cancer risk has been substantially investigated in individual studies and researchers were largely in www.md-journal.com agreement that postmenopausal women were at a higher risk of suffering breast cancer than premenopausal women. This conclusion was supported by the previously published metaanalyses. [17, 18] However, in this updated meta-analysis, we also found an increased risk of breast cancer in premenopausal women with lower serum adiponectin levels, which was inconsistent with most studies. Macis et al conducted a metaanalysis and found the association between serum adiponectin levels and breast cancer risk in premenopausal women, which was in the same direction as postmenopausal women, though nonsignificant. Besides, Miyoshi et al reported a case-control study with a sample of 202 patients included and found an inverse association between serum adiponectin levels and breast cancer risk in premenopausal women. One possible reason may be the distinct difference of estrogen generation in different menopausal status. Aromatization impacts on ovarian and adrenal androgens induced by adipocytes of postmenopausal women turn androgens into androgens, which were proved to be associated with breast cancer risks. [65] Adipocytes in postmenopausal obese women generate a larger amount of biologically active estrogen stimulating MEC (mammary epithelial cell mitosis) and advance the tumor progression. [66] Furthermore, Tworoger et al [52] speculated that adiponectin might only make impacts on the proliferation of breast tumor cells in a low estrogen environment. On the other hand, serum leptin levels, negatively correlated with adiponectin levels, were reported to be positively correlated with breast cancer risks in premenopausal women. [67] These findings may partially explain that serum adiponectin levels in postmenopausal women were more likely to be associated with breast cancer risk.
The stronger association between adiponectin and postmenopausal status breast cancer were well-established in various studies, indicating that higher breast cancer risk is specifically associated with decreased levels of adiponectin. [6, 7, 11, 68, 69] Our subgroup analysis results suggested an inverse association between serum adiponectin and breast cancer, which was confirmed by many studies from different aspects. [6, 7, [68] [69] [70] Some cytological studies revealed that adiponectin had been proven to inhibit MCF-7 and MD-MB-231 breast cancer cell proliferation in vitro and to present increased expression of the proapoptotic genes Bax and p53. [71, 72] Falk Libby et al claimed that specific isoforms of adiponectin might strengthen breast cancer invasiveness. [73] Globular adiponectin (gAd) substantially promotes the breast cancer cells migration and invasiveness, which was not observed on full-length adiponectin (fAd). [73] Several epidemiological studies of adiponectin also concluded that lower serum adiponectin levels were associated with higher breast cancer risk. [12] [13] [14] When it comes to study quality, consistent results were observed showing that adiponectin values were significantly higher in healthy controls regardless of their study quality. The subgroup of assay methods presented the same result as study quality group did, which indicated that both detective methods were acceptable. However, ELISA group presented a more significant difference, which may be a more effective way as most studies adopted.
Previously published articles indicated that adiponectin was identified to present a negative correlation with metastasis, [16, 44] tumor grade, and stage. [15, 16] In the current subgroup metaanalysis of lymph node metastasis, only two studies [14, 16] were analyzed due to insufficient information to calculate relevant adiponectin values in most published studies. Our results with no statistical significance were of low statistical efficiency, and then this made us unable to draw a sound conclusion in this aspect. In a case-control study conducted on 102 breast cancer patients, those who were identified with decreased serum adiponectin levels were more vulnerable to present a biologically aggressive phenotype breast cancer. [12] Conversely, in a prospective study including 1477 incident breast cancer cases, adiponectin was modestly correlated with ductal type of breast cancer instead of lobular tumors. [52] A larger sample based meta-analysis is essential to be carried out in the future for further investigation.
There were several limitations in this meta-analysis. First, our meta-analysis was totally based on observational studies, which is vulnerable to the potential biases and confounding factors not stratified in the current analysis. Second, although we endeavored Figure 10 . Funnel plot for evaluating publication bias on association between serum adiponectin levels and breast cancer. Circles in the funnel plot implied no asymmetrical distribution, which indicates no publication biases were observed.
Yu et al. Medicine (2019) 98: 6 Medicine to search eligible studies, it was possible that few existing or unpublished studies might be missed. Third, we failed to carry out further subgroup analyses to identify other factors due to insufficient information to calculate specific adiponectin values, such as cancer stage, estrogen receptor, or progesterone receptor as well as obesity (based on specific-classified Body Mass Index) which may add to confounding factors. Finally, the relatively minor Caucasian sample compared with Asian in the further subgroup analysis by menopausal status may affect the results obtained. Thus, a further meta-analysis might be essential in the future. Although these limitations exist, we eliminated the feasibility of bias throughout the whole study by executing an elaborate protocol and by study identification, data selection, statistical analysis, and publication bias control. Although controversial results were found in several studies, the accumulating evidence based on etiological, cellular, in vitro, and clinical studies reviewed above with the addition of our large sample included meta-analysis may suggest an inverse association between serum adiponectin values and breast cancer. In summary, this meta-analysis suggested that serum adiponectin values were inversely associated with breast cancer. Decreased serum adiponectin levels in premenopausal women may also be inversely associated with breast cancer risk, while stronger in postmenopausal status. In addition, low serum adiponectin levels in Asian women were more likely to be associated with breast cancer risk than Caucasian women. These results seem to provide a potential direction into a better understanding of the association between adiponectin and breast cancer risk. 
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